The synthesis and characterization of the organotin compounds [(n-C4H9) Attempted recrystallization of (2) in DMSO/methanol 2:1 solution yielded after several days unexpectedly the dimeric compound bis(tri-phenyltin)sulphide {[(C6Hs)aSn]2S} (7) which has been characterized by x-ray analysis. The structure of the parent complex (2) as well as the mechanism of the decomposition of cysteine are being further investigated. The in vitro anticancer activity of complexes (I)-(6), against human leukemia (HL60), human liver (Bel7402), human stomach (BGC823) and human cervix epithelial human carcinoma (Hela), nasopharyngeal carcinoma (KB) and lung cancer (PG) tumor cells, were evaluated.
I. INTRODUCTION
The biological activity of organotin (IV) compounds is well known/1-3/. Most organotin(IV) compounds are generally toxic /3/. The binding of organotins by thiol groups, on the other hand, is significant in biological systems /4/. A great deal of work has been reported thus far, on the interaction of organotin compounds with thiol-containing mercapto-amino acids such as cysteine and its derivatives /3, 5- [(Ph3Sn)2cys] with penta-coordinated tin atom/7/, while a double anionic structure was proposed by Domazetis et al./13/ for the {[(Me)2Sn(OH)2(cys)]2} at high pH. The crystal structure of the ethyI-L-cyteinatoS,N-(chlorodimethyl) stannate(IV) [(Me)2Sn(CI)(SCH2CH(NH2) COOC2H5] /11/ was determined by X-ray analysis and indicated S, N chelated coordination of the ethyl-ester of cysteine with the tin atom in a distorted trigonal bibyramidal configuration.
Another demand for such studies raised from the potential pharmaceutical application of organotin compounds/5, 15/. Today, a number of organotin (IV) derivatives are known to have an efficient anti-turnout activity/15/. A comparison of the structures of the active and inactive compounds suggests that all active compounds should conform to the following requirements: (i) to have available coordination positions around Sn, (ii) to have a relatively stable ligand-Sn bond (e.g. Sn-N and Sn-S) with low hydrolytic decomposition/5/. The aim of the present work is the exploration of new synthetic routes for the synthesis of organotin(IV) complexes with cysteine, the better characterization of the compounds formed and the evaluation of anticancer activity of the complexes derived and characterized.
EXPERIMENTAL Materials and Instruments:
All solvents used were reagent grade, while organotin chlorides (Aldrich), cysteine (Merck) were used with no further purification. Elemental analysis for C, H, N, and S were carried out with a Carlo Erba EA Model 1108. Infra-red spectra in the region of 4000-370 cm were obtained in KBr discs while far-infra-red spectra in the region of 400-50 cm were obtained in polyethylene discs, with a Perkin-EImer Spectrum GX FT-IR spectrometer. A Jasco Uv/Vis/NIR V 570 series spectrophotometer was used to obtain the electronic absorption spectra.. The H-NMR spectra were recorded on a Bruker AC250 MHFT-NMR instrument in CDCI. solutions. Chemical shifts i are given in ppm using TMS as an internal reference. The gsn Christos 7". Chasapis. et al.
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MCssbauer spectra were collected at various sample temperatures, with a constant acceleration spectrometer equipped with CaSnO3 source kept at room temperature.
Synthesis of L-cysteinato-k2S, O-di-n-butyl-tin(IV), [(n-C4H9)2Sn(cys)]} (I) Cysteine (H2cys) (0.121 g, 1.0 mmol) was treated with Na2CO3 (0.106 g, 1.0 mmo|) Na2CO in H20 (17 cm) followed by addition of a solution of di-butyltin(IV) dichloride 3240s, 2956vs, 2923vs, 2855s, 1641vs, 1545m, 1464m, 1429m, 1390s, 1322s, 1300, 1050m, 867m, 800w, 681m, 583m; 460s, 397m. Synthesis of L-cysteinato-k2S, O-diphenyl-tin(IV) , [(C6Hs) 3426s, 3065m, 2925m, 2853s, 1637vs, 1429s, 1388s, 1340s, 1300m, 1074s, 728vs, 697vs, 540m; 45 m, 396m .
Cysteine (H2cys) (0.121 g, mmo|) in H20 (5 cm3) was treated with solution of KOH IN (2 cm3, 2 retool). The resulting solution was concentrated to a small volume, where upon a colorless oily product was formed. The oil was then dissolved in methanol (10 ml) followed by addition of a solution of the appropriate di-organotin(IV) dichloride (0.5 mmol), (0.109 g di-methyl(IV) dichloride, 0.152 g, di-butyltin(IV) dichloride, 0.170 g di-phenyltin(IV) dichloride) in methanol (5 ml 3447s, 2925m, 1637vs, 1499m, 1399m, 1341m,1298m, 1124m, 853m, 418s, 397m. {[(n-C4Hg)zSn(OH)z(cys)]K} (5) (FCS) and antibiotics from the cells harvested from exponential phase were seeded equivalently onto a 96-well plate, the compounds studied were added in a concentration gradient, and the final concentrations were maintained at 100, 10, 1, and 0.1 m, respectively. The plate was kept at 37 C in a humidified atmosphere of 5% CO2 and incubated for 48 h.
MTT solution was added to each well. After incubation for 4 h at 37 C, acid-isopropanol was added to all wells. The measurements of absorbance of the solutions related to the number of living ceils were carried out on a Bio-Rad Model 450 Microplate Reader at 570 nm.
Crystal structure of bis(triphenyl-tin(I V))sulphide [[(C,H) 3Sn]S} (7):
The crystal structure of compound (7), (C6H0SSn2) was solved with SHELXS97 [18] and refined by full-matrix least-squares procedures on F. Data were collected on a KUMA KM4CCD four-circle diffractometer/l 8/, with a CCD detector. (Compound (7) 
General aspects
Compound (1) has been synthesized using a water/methanol/chloroform 17:3:20, solvent system while compounds (2) and (3) were synthesized in a water/methanol 17:3 according to equation (1) RnSnCl4.n + 2 H2Cys + (4-n) Na2CO3
RnSn(Hn.zCys) + 2 (4-n) NaCI + (4-n) H20 + (4-n) CO2 (eq 1.) (where n--2 and R C4H9-(1), C6H5- (2) or n=3 and R: C6H5- (3)).
Compounds (4), (5), (6) where R=CH3-(4), C4H9- (5), C6H5- (6) The formulae of complexes synthesized were deduced from elemental analysis and spectroscopic data. Complexes (1) (3) Attempted recrystallization of (2) in DMSO/methanol 2:1 solution yielded after several days the dimeric compound bis(tri-phenyltin) sulphide {[(C6Hs)3Sn]2S} (7) which was characterized by x-ray analysis and found identical to the one previously reported by Glidewell et (4)- (6) indicate coordination of cysteine through the carboxyl group to tin atom as well/12, 13, 21/. The stretching frequencies for NH2 group in the ir spectra of compounds (I)- (6) can help to distinguish coordinated from free amino groups. The v(NH2) of the free amino group is observed at 3166cm in cysteine/13, 22/. The assignment of the-NHz group has been made by deuterization of the samples using D20. The corresponding v(NH2) vibrations of the organotin derivatives (I)- (6) remain at the same frequency indicating that coordination through the amino group of cysteine to tin atoms does not take place. These conclusions are further supported by the absence in the far-IR of a band assignable to v(Sn-N)/21/. The absence of v(S-H) bands in the IR spectra of compounds (I)- (6) shows a coordination of sulfur to tin atom. The stretching frequency of C-S bond in IR spectra of cysteine is observed at 691 cm-I/13, 22/. The corresponding vibration v(C-S) of organotin derivatives (!)- (6) shifts to lower frequencies (Table 1) supporting the same conclusion.
119SFl MOssbauer spectra: Mssbauer parameters of compounds (!)- (6) are listed in Table 2 , while the quality of the 19Sn M6ssbauer spectrum of the compounds measured at 85K are shown in Figure 1 . Table 2 M0ssbauer parameters of compounds (1)- (6 The occurrence of two symmetric Lorentzian doublets in the spectra of compounds (1)- (6) show two distinct coordination sites with tin/2, 23/. The values between the quadruple splitting resonances of the two symmetric Lorentzian doublets in the spectrum of compound (3) (Table 2 ) differ significantly, allowing the assignment of the environment around the tin atom/7/to be made. In the case of compound (3), a resonance with smaller splitting (tin moiety with contribution of 80% in the sample) is similar to that in [(Ph3Sn)2Cys] /7/ and is assigned to a tetrahedral [Ph3SnS] environment, while that with the higher splitting resonance corresponds to the penta-coordinated Ph3Sn(Cys,S-)(OH2) environment /7/. For compound (5), the inner doublet was assigned to the BuSn-S moiety while the outer doublet was assigned to the BuSn-O moiety/12/.
The quadruple splitting values (AEq) of complexes (I)- (6) are typical of organotin thiolate derivatives /12/. The AEq values of compounds (I), (2), (4) and (6) (3) and (5) Vol. 2, Nos. [1] [2] 2004 Organotin ( NMR spectra: Chemical shifts observed in H-NMR of L-cysteine and its compounds (1), (2), (4) and (5) are listed in Table 3 .
H-NMR spectrum of free cysteine in DMSO-d6 shows signals at 2.86 and 3.12 ppm for-CH2-and -CHprotons respectively. The signal in H-NMR spectrum of complex (2) in DMSO-d6 at 2.91 ppm is assigned to the -CH2-and -CH-protons of coordinated cysteine.
The corresponding resonance signals of-CH2-and-CH-groups in H-NMR of free cysteine in CD3OH are observed at 3.10 and 4.02 ppm respectively; these are shifted to 2.94-2.98 ppm and 3.7 ppm respectively in the case of (4) and at 2.89-2.98 ppm and 3.6 ppm in the case of complex (5) Table 4 .
Results show that complexes (1), (2) and (5) exhibit high cell toxicity against Hela while complexes (1), (3) and (6) Vol. 2, Nos. I-2, 2004 Organotin (IV) Derivatives of L-Cysteine and their in vitro Antitumor Properties Table 4 The in vitro anticancer activity of the complexes (1)- (6) Vol. 2, Nos. [1] [2] 2004 Organot# (IV) Derivatives of L-Cysteine and their in vitro .Antitumor Properties
